Background: Recent research has revealed the importance of neighborhood environment as a determinant of physical activity. However, evidence among elderly adults is limited. This study examined the association between perceived neighborhood environment and walking for specific purposes among Japanese elderly adults.
INTRODUCTION
The health benefits of physical activity have been well documented in previous studies. A physically active lifestyle reduces the risk of all-cause mortality, cardiovascular diseases, diabetes, and some cancers. [1] [2] [3] [4] In addition, it plays an important role in maintaining functional ability and independence among elderly adults. [5] [6] [7] [8] However, a large proportion of the population in developed countries remains physically inactive. 9 In Japan, during the years 1999-2009, mean daily steps decreased from 7962 to 7214 among men and from 7226 to 6352 among women. The trend is similar among elderly Japanese. 10, 11 To establish effective intervention strategies, evidence of physical activity correlates is needed. Various sociodemographic and psychological factors have been recognized as determinants of physical activity. 12 In addition, recent studies have identified neighborhood environmental characteristics that are consistently related to physical activity, [13] [14] [15] [16] [17] [18] [19] including residential density, access to destinations, sidewalks, aesthetics, and access to exercise facilities. Interventions regarding these factors are expected to have a substantial long-term impact on population physical activity levels, which could complement the usually short-term effects of individually targeted interventions.
Studies have revealed that the relationships between environmental factors and physical activity differ with regard to the purpose of physical activity (eg, transportation vs recreational walking), population group (eg, men vs women), and cultural setting (eg, Western vs Eastern). 15, 20 Age has been shown to be an important modifier of environment-physical activity relationships. 21 Elderly adults often have different roles in society (eg, retired from work, fewer childcare obligations), different physical activity patterns, and lower fitness levels as compared with young or middle-aged adults. These differences may modify physical activity-environment relationships. Thus, investigation of the relation of physical activity to neighborhood environment among elderly adults is important and of great interest. However, data on elderly adults are not sufficient. [21] [22] [23] Furthermore, to our knowledge, there has been no published study of these relations among elderly Japanese.
In this study, the associations between various perceived neighborhood environmental attributes and walking for specific purposes were examined in a cross-sectional study using randomly selected community samples of elderly Japanese.
METHODS

Participants and data collection
This cross-sectional study was conducted from February through March 2010. A total of 2700 residents aged 65 to 74 years and living in 3 cities in Japan (Bunkyo ward in Tokyo, Fuchu in Tokyo, and Oyama in Shizuoka prefecture) were randomly selected from registries of residential addresses and stratified by sex, age (65-69, 70-74 years), city, and neighborhood. In this study, neighborhood was defined as cho-cho, the smallest administrative unit for area in Japan. There were 68 cho-cho in Bunkyo, 146 in Fuchu, and 45 in Oyama. First, 15 neighborhoods were randomly selected from each city, and 60 subjects from each neighborhood were randomly selected and stratified by sex and age. As a result, 45 neighborhoods (15 neighborhoods from each city) were selected, and the sample of 2700 older adults included 1350 residents of each sex, 1350 residents of each age category, and 900 subjects from each city. To encompass a large variety of environmental characteristics and walking behaviors, we designed the study to include neighborhoods in urban, suburban, and rural areas. The locations, areas, population sizes, and population densities of each city are shown in the Figure For data collection, questionnaires were sent to and collected from participants via post. To obtain a better response rate, invitation letters that described the content of the study were sent to all 2700 subjects 2 weeks before the survey. As an incentive for participation, a 500-yen (about 6 US dollars in 2011) book voucher was offered. During the survey, a call center was set up to respond to survey inquiries from the subjects. Additional requests to complete the survey were mailed twice to nonrespondents. If the survey was incomplete, we asked the participant to redo the survey. As a result, of the 2700 subjects, 2046 responded to the survey. After data cleaning, 1966 subjects had valid data, which were included in the present analyses (response rate: 72.8%). Due to disabilities that prevented walking, the 45 participants who answered, "could not do physical activities," to the question, "During the past 4 weeks, how much did physical health problems limit your usual physical activities (such as walking or climbing stairs)?," were excluded from this study. This question was an item from the 8-item Short-Form Health Survey (SF8). 24 Ultimately, data from 1921 residents were included in the analyses. Participants signed an informed consent document before answering the questionnaire. This study received prior approval from the Tokyo Medical University Ethics Committee.
Assessment of perceived neighborhood environment To measure perceived neighborhood environmental characteristics, the International Physical Activity Questionnaire Environmental Module (IPAQ-E) was used. [25] [26] [27] The survey has demonstrated test-retest reliability 25 and concurrent validity, 25, 27 and several items were related to physical activity in an 11-country study. 26 Questions regarding neighborhood environment attributes were taken or adapted from previous measures developed in the United States. 28, 29 The IPAQ-E consists of 17 questions: 7 core items, 4 recommended items, and 6 optional items. In this study, we used core and recommended items that assess residential density, access to shops, public transport, sidewalks, bicycle lanes, access to exercise facilities, crime safety, traffic safety, social environment (seeing people being active), aesthetics (the aesthetic and pleasing qualities of a neighborhood for walking), and ownership of household motor vehicles. These questions refer to a neighborhood environment where the person could walk within 10 to 15 minutes from their residence. Nine of 11 items (residential density and household motor vehicles excluded) are statements that describe neighborhood features believed to be related to physical activity, followed by 4 response choices: strongly disagree, somewhat disagree, somewhat agree, and strongly agree. For example, the statement regarding sidewalks is, "There are sidewalks on most of the streets in my neighborhood." The residential density item asks about the main types of houses in neighborhoods (eg, detached single-family residences, multifamily condos, apartments). The question on motor vehicles concerns the number of motor vehicles in the participant's household. The translation process, description of each item, and reliability of this scale were reported in a previous study. 25 
Assessment of neighborhood walking
Participants were asked about their frequency of walking (days/week) and average walking duration each day (min/day) for 5 specific purposes: transportation walking for daily activity, recreational walking, walking for commuting to work, walking during work, and walking for other purposes. A walking questionnaire, whose validity was previously reported, 30 was modified for this study. The former questionnaire included 6 types of walking, including walking for commuting to school. However, in this study population, few persons were likely to commute to school. Thus, the question on commuting to school was deleted and this type of walking was included in walking for other purposes. The questionnaire instructed participants to report continuous walking done for 5 or more minutes. Walking time (min/week) was calculated as the product of frequency and duration. In this study, we followed the same analytic methods of a previous study 30 and focused on types of walking that are expected to occur in the participant's neighborhood. These are (1) transportation walking for daily activity (min/week), (2) recreational walking (min/week), and (3) total neighborhood walking (sum of the time of 3 types of walking: transportation walking for daily activity, recreational walking, and walking for commuting to work, min/week). Although walking for commuting to work is also expected to occur, at least in part, in the neighborhood, we excluded this type of walking from the specific analyses because the present sample included only 331 participants (17.2%) who worked regularly.
Sociodemographic and other variables
Sex, age, and city of residence were obtained from the registry of residential addresses of each city. Educational attainment (years of education), employment status (working hours), living with family or other cohabitants, and self-rated health were obtained from self-reports. Body mass index (BMI) was calculated from self-reported height and weight. Self-rated health was measured with a single item from SF-8 that asked participants to rate their health. Participants chose the most suitable response from a 6-point scale: excellent, very good, good, fair, poor and very poor, to the question, "Overall, how would you rate your health during the past 4 weeks?". 24 
Statistical analyses
To examine the association between neighborhood environment as the independent variable and walking as the dependent variable, odds ratios (ORs) and 95% CIs for active walkers were calculated using multilevel logistic regression models with individuals at level 1 and neighborhood at level 2. In other words, we used a generalized linear mixed model with each environmental variable and control covariate as fixed effects, with a random intercept term at the neighborhood level. City of residence was included in the model as a dummy variable. This approach was chosen to account for the nested data structure. For the analyses, responses to 11 environmental variables were converted into dichotomous variables by means of a method used in previous studies. 25, 26, 31 For residential density, the choice of "detached single-family residences" formed a category indicating low residential density, while others were included in another category, indicating high residential density. As for the number of household motor vehicles, responses were categorized as none and 1 or more. For the other 9 environmental variables, responses were classified into 2 categories: agreement (strongly agree and somewhat agree) and disagreement (somewhat disagree and strongly disagree). For walking variables, participants were classified into 2 groups. First, we analyzed relationships between total neighborhood walking and environmental variables. Participants were classified as an active neighborhood walker if they walked 150 minutes/week or more, consistent with current physical activity guidelines. 5 Then, 2 specific types of walking-transportation walking for daily activity and recreational walking-were analyzed. For these variables, participants were divided into 2 groups by using the median: less than 60 minutes or 60 minutes or more per week for transportation walking for daily activity and less than 30 or 30 minutes or more per week for recreational walking. To calculate ORs, the references were set as environmental factors expected to be associated with lower levels of walking (low for residential density, owning household motor vehicles, and poor for the other 9 variables), meaning that an OR greater than 1.00 indicates an expected association between an activity-supportive environmental characteristic and active walking. ORs were adjusted by age, sex, employment status (working for 35+ hours per week vs less, including no work), educational level (13+ years vs <13 years), BMI (25+ kg/m 2 vs <25 kg/m 2 ), and self-rated health (good: excellent, very good, good vs fair or poor: fair, poor, very poor). A P value less than 0.05 was considered to indicate statistical significance. Analyses were conducted with IBM SPSS Statistics version 19 (SPSS Inc., Tokyo, Japan), for descriptive analyses, and lme4 (ver. 0.999375-39), a mixed modeling package for R (ver. 2.12.1), which is a free software environment for statistical computing for multilevel analyses. Table 1 shows the characteristics of the participants. Men accounted for 50.9% of this sample. The mean age (SD) was 69.5 (2.9) years. The city of residence was Bunkyo for 31.4% of participants, Fuchu for 34.3%, and Oyama for 34.3%. Overall, 17.2% of participants worked 35 hours/week or longer, and 10.6% were living alone. As for walking time, the median time (25th percentile, 75th percentile) was 165 (45, 350) minutes/week for total neighborhood walking, 60 (0, 140) minutes/week for transportation walking for daily activity, and 30 (0, 180) minutes/week for recreational walking. Table 2 shows the results of analyses of total neighborhood walking. Access to exercise facilities (OR 1.23, 95% CI 1.00-1.51), social environment (1.39, 1.14-1.71), and aesthetics (1.48, 1.21-1.81) were significantly associated with total neighborhood walking. Aesthetics was a consistent correlate of total walking among men and women. Social environment was related to total walking only among men, and access to shops was significant only among women.
RESULTS
Results of analyses of the 2 specific purposes of walking are shown in Tables 3 and 4 . Among the overall sample, 2 environmental attributes-social environment and aesthetics-were consistent correlates of these 2 types of walking. In addition, bicycle lanes, access to exercise facilities, and household motor vehicles were significantly associated with transportation walking. Sex differences were observed, especially in the analyses of transportation walking. Odds ratios were adjusted for age, sex, city of residence, employment status, educational level, BMI, and self-rated health.
c Odds ratios were adjusted for age, city of residence, employment status, educational level, BMI, and self-rated health.
d
Reference is environmental characteristics expected to be associated with lower levels of physical activity, ie, an odds ratios greater than 1.00 indicates an expected positive association. Among men, significant correlates of this type of walking were bicycle lanes, crime safety, traffic safety, aesthetics, and household motor vehicles. Among women, access to shops, access to exercise facilities, and social environment were related to this type of walking. The ORs for the majority of significant relationships were greater than 1.00, ie, in the expected direction of correlations, except crime safety and traffic safety in the analyses of transportation walking among men. Most variance estimates of error terms at level 2 were close to 0, so estimated coefficients of fixed effects were almost identical to those in conventional single-level logistic regression.
DISCUSSION
This cross-sectional study revealed that neighborhood environmental characteristics were associated with walking, and that these associations varied by purpose, among elderly Japanese. Social environment (viewing people being active) and aesthetics were consistently associated with transportation walking and recreational walking. In addition, among the overall sample, transportation walking was related to 3 other environmental characteristics: bike lanes, access to exercise facilities, and household motor vehicles. A position statement by the Heart Foundation's National Physical Activity Advisory Committee in Australia summarized recent studies of neighborhood environmental characteristics and walking in adults. 32 The statement highlighted 4 characteristics that were consistent correlates of transportation walking-population density, proximity of destinations (including shops and public transport), mixed land-use planning, and street connectivity (the "walkability index" often comprises these attributes)-as well as 3 characteristics that were correlates of recreational walking-access to exercise facilities, pedestrian infrastructure, and aesthetics. The results of our previous study of a Japanese adult sample were consistent with the Committee's statement. 30 However, the results of the present study of a sample of elderly adults slightly differed from these previous findings. Residential density and access to public transport have been frequently reported as correlates of transportation walking, but they were not associated with any type of walking in the present study. Access to shops-a consistent and strong correlate of transportation walking in previous studies of adults-was significantly associated with transportation walking only among women. Thus, the present results suggest a relatively weaker association between transportation walking and "walkability"-related environmental features, especially among older men, as compared with young and middle-aged populations. On the other hand, sidewalks, access to exercise facilities, and aesthetics, which were previously reported as correlates of recreational walking, were significantly associated with transportation walking in the present study. These results indicate that transportation walking among elderly adults might have similar characteristics to recreational walking. One possibility is that, as Shigematsu et al 21 discussed in a previous report, elderly adults might combine transportation walking with recreational walking in 1 trip. For example, someone goes to a park for a recreational walk and, on the way home, goes shopping. Thus, the differentiation between the 2 types of walking may be less clear among elderly adults. Another possibility is that elderly people have fewer obligations than do younger people with regard to daily activities such as commuting and shopping; thus, transportation walking is not a requirement for them. They might walk for transport only when they live in enjoyable and attractive environments that support recreational walking among younger adults.
Before the present analyses, we speculated that elderly people may be vulnerable to unfavorable environments, meaning that the association between environment and physical activity might be stronger among this population. Contrary to expectations, the odds ratios were relatively low in this study, although there is no criterion with which to assess strong versus weak associations. A previous study that examined age differences in the relationship of perceived neighborhood environment to walking reported somewhat similar results, ie, there were a smaller number of environmental features that were significantly associated with walking among older adults as compared with younger adults. 21 One possible explanation for different and weaker associations among elderly adults is that many elderly people have multiple physical and social limitations, which can lead to complicated associations between environment and physical activity and thus weaken observed associations. For example, patterns of associations may differ by physical fitness level, having or not having a social role, the presence of family members, etc. Further studies are needed to examine if elderly people are vulnerable to neighborhood environmental attributes and if physical and social conditions modify these relationships.
Sex differences were observed in the present study, especially in transportation walking for daily activity. Among men, environmental attributes that were significantly associated with walking for daily activity were bike lanes, traffic safety, crime safety, aesthetics, and household motor vehicles; among women, the associated attributes were access to shops, access to exercise facilities, and social environment. Patterns of associations in women were similar to those noted in Western studies, ie, access to shops and exercise facilities were important for transportation walking. 21, 23 It is plausible that access to shops is more important for women, who often have more obligations with regard to household duties. Access to exercise facilities was associated with transportation walking but not with recreational walking. This may seem surprising, but was also reported in a previous study. 21 It may be that adults walk for transport to exercise facilities, take a child to the facilities, including parks, and combine transportation walking and recreational walking. Regarding older men, the relationship between household motor vehicle access and transportation walking suggests a car-dependent lifestyle among this population: those with cars walked less. We observed unexpected negative associations of crime safety and traffic safety with transportation walking among men. We hypothesized that safety was an important issue among elderly adults. However, considering these results, the young old (age 65-74 years) may be sufficiently physically fit and not overly concerned by safety issues. Also, variation in crime safety in Japan might be too low to yield associations, as the country is generally considered safe. Instead, walkers perceived more safety concerns than did sedentary persons. Perhaps walkers are more likely to encounter threats or are more familiar with signs of disorder in their neighborhoods. This is a limitation of a perceived measure and the present cross-sectional design. Because the results of previous studies of safety concerns were inconsistent, 22, 33, 34 further studies of elderly samples are needed.
There are several limitations of this study. First, this study had a cross-sectional design, which does not allow us to address the direction of causality. Longitudinal or intervention studies are needed in future research. Second, both environmental and walking measures were based on selfreporting. Although self-reporting can assess walking for different purposes and a wide range of environmental characteristics, we must consider the possibility of a discrepancy between perception and reality, even though the measures have been validated. Thus, studies using objective measures, such as accelerometers for physical activity and a geographic information system for environmental evaluation, are needed in the future, although both objective and perceived measures are useful. Third, this study examined elderly adults aged 65 to 74 years. The results could differ among older age groups. We must be careful to consider the generalizability of the results.
Despite these limitations, studies of the physical activity environment for elderly adults are limited, especially among Japanese populations. The present results indicate that several environmental factors are related to walking for specific purposes among elderly Japanese. Improving these environmental features in neighborhoods might be an effective strategy to promote physical activity among this population.
